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Abstract 
Out of identified general didactic problems when teaching evolutionary theory, structured learning situations for pre-service 
teacher students were created together with performance assessment. The students’ discussions showed almost no use of 
evolutionary concepts and well-structured learning situations failed as many students worked in an arbitrarily manner. The 
performance assessment showed anyhow good results as questions with open answers gave opportunity for constructive thinking. 
One conclusion is the strength in open questions, promoting the students’ creation of reasonable explanations within a theoretical 
framework.
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1. Introduction 
The theory of evolution has rarely been properly understood. Religious beliefs and mechanistic views where 
science should be used for accurate predictions leaves no room for a theory focused on dialectic processes between 
populations and species and their environment. This problem is also often reflected in teaching, dominated by 
examples of evolutionary processes instead of descriptions of the processes themselves, at the expense of deeper 
understanding if the theory.  
Here we have tried find ways of teaching promoting a better understanding of the theory and the understanding of 
the evolutionary background of different observations in nature. 
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1.1. Challenges from the school curriculum 
According to the recent curriculum for primary education in Sweden, science education has to be linked to the 
students own experience targeting development of critical thinking and skills useable in daily life (Skolverket, 
2011). Thus, the students are supposed to enhance their ability to review arguments and to use their understanding to 
argue in situations where scientific knowledge is of significant importance. Performance assessments according to 
the curriculum are used to evaluate the students’ capacity to use knowledge not only in discussions and enquiries 
within a scientific framework but also in other situations. Thus, the students should be able use their achieved 
knowledge on the highest order of thinking as presented in Bloom’s revised taxonomy (Anderson et al. 2001). 
If this is applied on the Darwinist theory of evolution the students are supposed to be trained in evolutionary 
thinking, making it possible for them to draw evolutionary based conclusions and propose reasonable evolutionary 
based explanations behind different observations, rather than presenting pieces of evolutionary events. This shift of 
focus from facts to be remembered to the use of knowledge of evolutionary processes to construct explanations is an 
important change, challenging the teacher to act not as a mediator of facts from major evolutionary events but to 
create didactic situations promoting evolutionary thinking. The role of the teacher has changed from being a 
performer to a designer and director of learning situations (Mutvei & Mattsson, 2014). 
This new situation is also a challenge for lecturers at teacher training programs. Now they have to design learning 
situations promoting practical skills of the students in the pre-service training to make them became teachers 
working according to the new curriculum. Just as the students at school, the students at the teacher training programs 
have to be trained in evolutionary thinking.  
A quality report from the Swedish Schools Inspectorate (Skolinspektionen, 2012), concerning teaching in years 
1–3 (age 6–9) shows that there is a focus on biology at the expense of chemistry and physics at school. But, this is 
not of advantage for biology as the teaching is focused on observations and learning of concepts instead of scientific 
methods and understanding of processes. We recognized similarities with higher education were students were 
drowned in detailed facts concealing major traits in evolutionary processes (Alters & Nelson 2002). 
In addition, we had also discovered poor knowledge of the students of the main principles of evolutionary theory. 
Although many of them know and use words or concepts like random variation, natural selection, adaptation etc. 
they do not use them properly (Mutvei & Mattsson, 2014). Students often described evolutionary events as these 
were actions of individuals to reach goals and not as responses of populations to environmental influences. For 
example, the poisonous snake becomes brightly colored in order to warn others. This type of statements show poor 
understanding of concepts, groups (taxa), and processes. If teleological explanations are correct, evolutionary theory 
is superfluous. From the students’ viewpoint there is a reason or explanation for everything and that is necessity and 
aim. Many of them are (erroneously) convinced that individual organisms have to actively react to environmental 
pressures and this is the driving force of evolution. 
In order to give the students an adequate pre-service training to become good teachers of evolutionary theory we 
tried to design teaching situations similar to those they are supposed to design for their much younger students in the 
future. The key to this was the construction of performance assessments based on the core content and the 
knowledge requirements of the school curriculum and to let these outline the learning environment. (Jönsson, 2013). 
1.2. Challenges from the theory 
When introduced by Darwin, the theory of evolution had problems to be properly understood and accepted. 
Religious beliefs played an important role as the theory undermined the importance of an almighty creator but also 
scientist from most fields appeared skeptical. The non-mechanistic view with concepts like random variation and 
natural selection which rarely could be used for strict predictions of evolutionary events made the theory too 
different from other mechanistic views to make it appetizing for most scientists. At that time science should be used 
for accurate predictions. Theories of other scientific disciplines usually use pairs of concepts like action and 
reaction or stimuli and response as descriptions of more or less mechanical relations. In contrast to this the 
evolutionary theory, as most biology, describes dialectic processes. Further, the Darwinist theory focused on 
processes between higher entities like populations and species and their environment instead of the activities of the 
individual (Prigogine, 1997). Thus, at that time the theory of evolution had more similarities with some theories in 
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sociology than those in physics. In both cases the concern was how groups developed on a higher level with other 
characteristics as those recognized in individuals. The dominating mechanistic view, where individuals and their 
actions could be used to describe groups, was replaced by the idea of groups as something else and something more 
than its members. This idea, introduced in a world dominated by the notion that humans differs from the rest of the 
organic and inorganic world, being the crown of creation, made the evolutionary theory even less palatable.  
The learning of evolutionary theories is still, 150 years after they were presented, problematic; they seem to be 
hard to understand both by those rejecting the theories and by those accepting them. Alters & Nelson (2002) give 
several explanations of this. One of these is the teachers’ focus on details instead of general principles and processes 
and, as Sundberg & Dini (1993) showed, result in similar level of understanding of the theory regardless the length 
or quantity of courses. Convinced believers also often show a lack of understanding of the evolutionary processes 
and present teleological explanations for different observations in nature.  
With this in mind we tried to redesign an existing course starting with the construction of a performance 
assessment adapted to the objectives of the course and then backwards design suitable didactic training preparing the 
students for the final assessment. 
2. Objectives 
Based on the background presented in the introduction, together with experiences from our own teaching, we had 
identified some general didactic problems. These problems, in combination with the aims of the new school 
curriculum challenged us when designing learning situations for pre-service teacher students. In order to maximize 
the reflections and interactions of the students and minimize teacher participation, i.e., an effective use of economic 
resources, most of the learning situations were executed in small groups of students. The teachers mainly designed 
the learning situations and assessed the learning by questionnaires and analyses of web-based discussions. Thus, the 
following research questions were addressed: 
x Will web-based discussions in small groups improve the use and understanding of evolutionary concepts? 
x May well-structured learning situations help students to achieve deeper knowledge of the theory of evolution?  
x Will student knowledge increase by using evolutionary concepts when critically analyzing evolutionary 
presentations?  
x Which types of questions help the students to show evolutionary knowledge?  
3. Methods 
A ten week course in chronological perspectives, integrating Swedish history, cosmology and evolution, for pre-
service primary school teacher students was used for this descriptive case study. The group included all 54 program 
students on their fifth semester. The evolutionary part of the course corresponded to a little less than two weeks full 
time studies spread out during all ten weeks. The evolutionary part included, one textbook (Guttman, 2005) to read 
and discuss, a couple of ordinary lectures, some web-based lectures, one field excursion and one visit to the Natural 
History Museum and the Bergius Botanic Garden in Stockholm.  
In order to investigate our research questions we tried some new ideas. Here we focus on descriptions of these 
newly designed pedagogic activities, their aims, structures and how they were evaluated. The evaluations include 
not only the development of conceptual understanding but also shortcomings and obstacles of the activities and how 
they may be improved.  
3.1. Web-based lectures 
In order to get tools for critical analysis and presentations we created a structured learning situation where all the 
students in small groups first watched two web-based lectures, one focused on scientific method related to evolution 
(Lotto & O’Toole, 2012) and one on human evolution (Morgan, 2009). The idea was that students should use the 
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content and structure of these lectures to get good examples for how reliable lectures should be presented and get 
tools for their critical analyses of other lectures on the web.  
The students were divided into groups with about five persons each. They were supposed first to look at and 
discuss the lectures mentioned above and then critically look at one other selected lecture. Here we used five 
different web-lectures, all concerning the human evolution, for the ten groups of students (Enriques, 2012; Goodall, 
2002; Leakey, 2008; Pääbo, 2011; Zeresenay, 2007). These lectures were selected as they appeared as a package and 
were easily found, they were held by well-known scientists, but they all had a weakness due to their popular 
approach. The scientific foundations for many of the statement made were never clearly pronounced or not clearly 
related to the theory of evolution. It would be relatively easy for the students to identify weaknesses in the 
arguments and formulations open for many interpretations in the lectures. 
The analyses of the web discussions focused on the students’ use of evolutionary concepts and their ability of 
critical thinking. 
3.2. Web-based discussions 
The results of the group’s first discussions should be presented as a collective critical text. This was further 
discussed individually in a forum open only for the members of the group. When all students had made at least one 
personal contribution and also commented at least two of the other students’ texts we selected a short passage from 
each group and produced a new text for all students to comment. Thus, the members of all groups could discuss all 
the lectures.  
The written material was analyzed both regarding use of evolutionary vocabulary and to what extent criticism 
was revealed in order to check to what extent the students used a proper terminology and showed understanding of 
evolutionary theory as well as of scientific thinking. These tasks were made during the first week of the course. 
3.3. Museum and botanical garden 
At the Natural History Museum the students visited the exhibition The Human Journey which follows the course 
of human evolution over the past 7 million years. The objectives of the visit were primarily to train the students in 
identifying their need of further knowledge to be able to teach evolution and to give them the opportunity to use the 
evolutionary concepts in discussions. Their performances were not assessed at the museum but the students had to 
select a part of the exhibition they thought useful for teaching school classes and present this as a part of the 
assessments of the course. They should also present ideas of which further training they were in need of. They had 
to present the meaning of the word “human” in different contexts like “The human journey”, “The human evolution” 
and “The human tree of life”. 
At the Bergius Botanic Garden they visited Edvard Anderson’s Greenhouse which contains plant from different 
parts of the world with Mediterranean climate. Plants from the Mediterranean region are kept together surrounded 
by plants from Australia, California, and South Africa in different sections. Here the students were supposed to 
identify the adaptive forces of the climate to create similar vegetation and adaptations of the plants in the different 
areas. The objective was to enhance the understanding of similarities in the results when similar adaptive forces are 
applied on different groups of organisms. To achieve this, the students in small groups studied the plants from one 
region each, in order to identify the adaptations to the climate of the region. The results were presented to the other 
groups and comparisons were made between the areas in order to find similarities and differences. 
3.4. Performance assessment 
At the end of the course there was a final examination were three different types of questions were constructed in 
order to investigate which type of questions may be most efficient to help the students to show evolutionary 
knowledge. The aim was also to try to combine performance assessment with learning situations (Jönsson, 2013).  
The first type of question was comparative where, e.g., the task was to classify groups of four statements as 
Darwinian, Lamarckian, teleological, or creationist based on Stover & Mabry (2007). The next type at the 
performance assessment focused on areas earlier identified as problematic. Thus, the second type of question was 
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related to the use of evolutionary concepts, here the interpretations of phylogenetic trees were used. The third type 
of questions were explanatory. The students were given the chance to describe and discuss evolutionary processes 
and to show their skills to use their knowledge. The questions could be quite simple as; can you describe or give an 
evolutionary explanation to why most persons prefer clear and definite answers to different questions? All types of 
questions were produced in three sets as the students had their examinations at different occasions.  
The questions from this final performance assessment were analyzed differently depending on type. In the first 
type only the correctness of the answers was assed. The answers from the students in the second type of questions 
were assessed out of their skills in using the methods and theoretical framework of evolutionary theory, while in the 
third type we tried to assess the students’ ability to present plausible evolutionary explanations for everyday 
observations. 
4. Results 
4.1. Web-based lectures 
The well-structured learning situations, we thought we had created, based on web lectures showed to be a total 
failure. According to the design it was important to look at the lectures in a specific order. Anyhow, some groups of 
students made their own choice of order, usually starting with the lecture they were supposed to analyze critically. 
When they later compared this lecture with the good examples (Lotto & O’Toole, 2012; Morgan, 2009) they did this 
in an arbitrarily manner without any form of structured analysis. Here we also noted how hard it is to understand the 
major points in a lecture.  
The students usually expressed personal opinions about the message in the lectures without analyzing the content 
out of a theoretical or scientific perspective. They discussed if the lecturers seemed reliable in more general terms, 
not if the lecturers had scientific support for their opinions. If the students favored any lecture it was usually the first 
they had watched. Some of the students also had the positive opinions about every lecture they watched, why should 
their teachers otherwise let them watch them? 
Almost all students failed to identify the speakers’, in some cases, weak argumentation based on evolutionary 
theory and their deficiency in presentation proper evolutionary thinking in their lectures although some students 
identified the poor scientific argumentation. In a couple of these occasions other students contested their opinions 
arguing that famous scientist can’t make mistakes like that. 
4.2. Web-based discussions 
The analyses of the students’ web-discussion showed almost no use of evolutionary concepts like random 
variation or natural selection. Concepts like these appeared rarely more than twice or three times in single 
discussions, including more than 200 statements, and were only used by about 10 % of the students and then only on 
single occasions. Thus, these discussions did not improve the proper use of evolutionary concepts as these almost 
never were used. This also diminished the students’ ability to analyze the lectures.  
4.3. Museum and botanical garden 
At the Natural History Museum the students had no problems in selecting parts of the exhibition The Human 
Journey useful for their own teaching. They usually selected a presentation useful as an illustration for something 
they wanted to communicate to their coming students. The students rarely argued for a holistic perspective resulting 
in a wish to use all parts of the exhibition.  
Something that appeared problematic was the use of the word “human”. Where begun the “Human Journey”? Is 
it when what we call the genus Homo appeared, is it when Homo sapiens appeared, or is it much earlier? The 
exhibition contains fragments describing the evolution long before humans appear. Thus, it gives the impression of a 
human journey lasting for hundreds of millions of years. This mix of time perspectives made every discussion 
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problematic as some students had a very long perspective, humans have their origin in the root of the eukaryotic 
tree, while others only regarded Homo sapiens as the representative of humans. 
At Bergius Botanic Garden the students had great problems in finding general patterns in the characteristics of 
the plants from the specific regions. They did not see the characteristics of plants adapted to areas with poor water 
supply during large periods of the year. It was easier for them to identify differences between species and areas than 
to find similarities. For example, spikes or thorns appearing on cactuses, bushes or trees were not regarded as 
similarities. 
4.4. Performance assessment 
Some weeks later, at the performance assessment, the students performed better but still had some problems in 
identifying evolutionary explanations. Almost all students identified creationist statements in the first type of 
questions and a qualified majority also could identify Darwinian and Lamarckian statements, while almost 50% had 
problems in identifying the teleological ones. This task was to some extent similar to the previous one of web-based 
lectures; analyzing material presented by others. The result showed that about three quarters of the students showed 
sufficient knowledge in accordance to the learning criteria of the course. The previous web-discussions were not 
evaluated similarly, but showed much poorer understanding of evolutionary principles.  
The second task at the performance assessment, focused on areas earlier identified as problematic, showed better 
results. Most students could, e.g., explain why the ability to learn can’t be used as an argument for close relationship 
between groups of mammals when the capability of learning is characteristic for almost all groups of animals, thus 
being a general character found deep down in the phylogenetic tree. 
Also the third type of question showed good results. Here most of the students, actually almost 90% could use 
evolutionary concepts properly, and more than 80% could give reasonable evolutionary explanations to, e.g., why 
people prefer ultimate answers to questions. An even better answer should include an explanation why there anyhow 
exist a large number of persons who prefer less ultimate answers and prefer different perspectives. About one third 
of the students presented acceptable evolutionary explanations to this more complex question. 
5. Discussion 
5.1. Pedagogic design 
Many of the shortcomings were mainly due to poor instructions about the importance of following the 
instructions literally. We forgot the general tactic of students is to avoid the strategy of the teacher. They thought it 
was easier to start with their “own” web-lecture and then use the others if necessary. It resulted in a twisted situation 
where the model for how to do, became analyzed out of characteristics of the object that should be studied. Anyhow, 
it is possible to conclude that it is not easy for students to be critical and identify poor argumentation presented by 
well-known scientists in nice pedagogical or rhetoric contexts and that the students, at this stage, often also lacked 
knowledge to explain or identify what characterizes good evolutionary explanations.  
The student’s knowledge may mainly be influenced by popular science TV-programs or journals where concepts 
used in processes on individual level are mixed with those describing long-time evolutionary processes. One 
example of this is adaptation, a word which may be used in different contexts but with several different denotations.  
Although, we thought we enhanced the learning outcome with more focused instructions supported by qualified 
lectures on the Internet, our efforts did not seem to result in better learning, understanding or skills in evolutionary 
thinking. The main reason for this failure was our own excessive belief in our ability to present well-structured 
lectures or to select lectures of others to communicate important or essential information. In many cases the student 
focus was on other aspects of the lectures than those we intended. For example, if we wanted to communicate a 
lecture as a good example of how to work scientifically the students observed and discussed the content not the 
structure of the presentation. If they saw a lecture about the evidence of sister-group relations, some of the students 
thought the next lecture had the same subject although it dealt with the relation between learning and evolutionary 
processes, e.g., they regarded the possibility to learn as a character for identification of close relations between taxa.  
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5.2. Performance assessment 
Many students had problems in relating explanations to a specific theory. Especially teleological explanations 
were often regarded as Darwinian or Lamarckian. We think one reason for this is the tendency in popular journals or 
TV-programs to present teleological explanations in a false Darwinian context. Individual animals may be described 
as acting in a specific way as they adapt to the circumstances. It could also be claimed that animal species have 
chosen to adapt to or move to a suitable environments. Further, there is a widespread idea of the function of a 
species in an ecosystem as it has a mission to do something specific. All these more or less teleological explanations 
make it hard for the student to understand the importance of random variation and natural selection as important 
evolutionary processes. But when we let the students explain in their own words how phylogenetic trees may be 
interpreted we saw improvements during the course. It is possible to answer this type of question without deeper 
knowledge of the many groups of organisms or their characteristics (Alters & Nelson, 2004).  
Similarly, the third type of question were the students should try to give evolutionary explanations, gave good 
results. The answers to this type of open questions, were the students are supposed to give evolutionary explanations 
to why some organism often form social groups or why most people are fond of swimming, usually reveal a higher 
level of theoretical understanding compared to more direct questions. It does not become necessary to give the 
correct answer to the question but essential to describe reasonable historical processes responsible for present 
observation. If students look at evolution as a process possible to explain from a historic viewpoint instead of a 
teleological it is much easier for them to understand how selection works on a diverse material giving the possibility 
of many different natural solutions instead of one teleological. 
The theory of evolution differs from most theories the students are used to. It takes time to accept the randomness 
and meaningless in the processes. It is hard to accept the dialectic interrelation between organisms and groups of 
them at different levels. Time was on our side during the course but we can also see a difference in the answers to 
different type of questions. Diagnostic questions aiming at detecting evolutionary perspectives in comparison to 
other types of perspectives are more problematic to deal with than explanatory questions. This seems to be true also 
when the former type is simple and well-structured, as the one with fixed four alternative explanations to a 
statement. Difficult problems with open answers seem to work better and give opportunity for constructive thinking 
of the student within the theoretical framework.  
6. Conclusions 
One major conclusion is that it appears that open-questions better facilitate learning of these issues. They 
promote the students’ own creation of reasonable explanations within a theoretical framework. With this type of 
questions it is possible for the student to create and present assessable skills in using theoretical frameworks for 
enquiries in new areas. This also indicates the importance of using performance assessments for increasing the 
quality of learning and that similar question as those here presented should dominate learning situations. The efforts 
of making better design of learning situations focused on structure and critical information processing did in this 
case have low effect on the learning and understanding of the students.  
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